Iron(II) has wide physiological functions. It is an essential trace element in the human body. It is also a main cure for several diseases, such as anemia. Thus, the determination of iron(II) is very important. Several methods have been reported, except spectrophotometry, such as anodic stripping voltammetry, 1 volumetric analysis, 2 fluorometric analysis, 3,4 and atomic spectroscopy. 5 However, to our knowledge, report concerning a fluorescence method for iron(II) by using fluorescein isothiocyanate as a fluorescence reagent has not yet appeared. In the present work, a fluorescence enhancing method for iron(II) was developed based on fluorescein isothiocyanate (FITC) with iodine to produce a non-fluorescence species result in fluorescence quenching.
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Iron(II) could compete with fluorescein isothiocyanate to react with iodine, resulting in a fluorescence enhancement of the system. This method is simple and sensitive compared with dynamic fluorometry, 3 and has been applied to the determination of iron(II) in samples with satisfactory results.
Experimenal

Apparatus
An LS-30 spectrofluorometer (Perkin Elmer) was used for recording the spectra and making fluorescence measurements. All of the pH measurements were made with a Model PHS-3B pH meter (Shanghai, China).
Reagents
All chemicals were of analytical reagent grade or of the highest purity available. All aqueous solutions were made up in distilled, deionized water. A ferrous stock solution (0.2 mg/ml) was prepared by dissolving 24.9 mg of FeSO4·7H2O in 25 ml of water. Solutions (2.0 µg/ml) were prepared daily from the stock solution by appropriate dilution with water. A fluorescein isothiocyanate solution (1.0 × 10 -4 mol/l) was prepared by dissolving an appropriate weight of fluorescein isothiocyanate in ethanol and diluting to the required volume. This solution was diluted to 1.0 × 10 -6 mol/l as a working solution. An iodine stock solution (1.0 mg/ml) was prepared by dissolving 0.100 g of iodine in ethanol and diluting to volume in a 100 ml standard flask. The solution was diluted to 40 µg/ml with ethanol as the working solution (prepared daily).
Citric acid-sodium hydrogenphosphate buffer solutions (0.01 mol/l, pH 5.40 -7.60) were used.
Procedure
To a 10 ml standard flask transferred 0.10 ml of a 1.0 × 10 -6 mol/l fluorescein isothiocyanate solution, 0.60 ml of a buffer solution (pH 6.40), and a known volume of a iron(II) standard solution. Then 0.09 ml of an iodine solution (40 µg/ml) was added and diluted to the mark with water, and mixed. The fluorescence intensity was then measured against a reagent blank at 515 nm with excitation at 485 nm.
Results and Discussion
Spectral characteristics
The excitation and emission spectra of fluorescein isothiocyanate, fluorescein isothiocyanate-I2 and fluorescein isothiocyanate-I2-Fe 2+ systems are shown in Fig. 1 . It can be seen that the fluorescence spectra of the three systems are similar. The maximal excitation and emission wavelengths were at 485 nm and at 515 nm, respectively. However, the fluorescence intensity (F) of the fluorescein isothiocyanate-I2 system was greatly enhanced when Fe 2+ was added. 
Optimum conditions for the fluorescence determination
The effect of the concentration of iodine on the fluorescence enhancement was studied (Fig. 2) . It can be seen that the highest sensitivity of the proposed method was achieved when the concentration of iodine was 0.36 µg/ml. The sensitivity decreased when the iodine concentration was lower or higher than this value. When the concentration of a fluorescein isothiocyanate solution was in the range of 0.8 × 10 -8 -1.2 × 10 -8 mol/l, the fluorescein enhancement was maximal and constant. In this work, concentrations of 0.36 µg/ml I2 solution and 1.0 × 10 -8 mol/l fluorescein isothiocyanate solution were employed. The effect of the pH on the fluorescence enhancement was also examined.
The results showed that the maximum fluorescence enhancement occurred at a pH of 6.40. Therefore, a pH of 6.40 is recommended for use, achieved via the addition of 0.60 ml of a buffer solution per 10 ml of the final solution. The concentration of the final buffer solution was 6.0 × 10 -4 mol/l.
The influence of the setting time was investigated. The results indicated that the reaction was finished immediately, and that the difference in the fluorescence intensity between the FITC-I2-Fe 2+ and the FITC-I2 blank remained constant for 120 min (18 -24˚C).
Interferences
The tolerance limits of 46 types of foreign substances for the determination of 0.1 µg/ml Fe 2+ by the described procedure were studied. The results are listed in Table 1 . When the relative error was less than ±5%, these substances did not interfere with the determination of Fe 2+ .
Calibration graph
A calibration graph for the determination of iron(II) was constructed under the optimum conditions.
A linear relationship between the iron(II) concentration and the fluorescence enhancement was obtained over the range of 40 -200 ng/ml. The regression for the line and correlation coefficient fit by the least square method are ∆F = 0.297C -0.076, r = 0.9999 (the unit of C is ng/ml). The detection limit (3σ) for Fe 2+ was calculated from the standard deviation (n = 10) of the blank as 15 ng/ml. The precision of the method was established by a replicate determination (n = 10). Using 100 ng/ml of Fe 2+ gave a relative standard deviation of 1.9%.
Sample determination
The pretreatment and procedures of the sample analysis are expressed as follows. The samples of water were filtrated on a filter tunnel with a fine-mesh velamen membrane (φ0.45 µm). Samples of 500 g of soil were mixed and impregnated for 24 h with 500 ml of water. Each sample was then filtrated on a filter tunnel with fibrous glass into filtrate receiver, then filtration was filtrated on the filter tunnel with a fine-mesh velamen membrane. The samples of water, and to make use of water of impregnating soil, were preserved with 100 µl H2SO4 per 100 ml. A ferrous gluconate syrup with 3.5 mg Fe 2+ /ml was diluted to 3.5 µg Fe 2+ /ml as an analytical solution with water. A pharmaceuticals solution of 2.0 µg Fe 2+ /ml was prepared by dissolving 14.2 mg of ammonium iron(II) sulfate with a labeled value of 142 mg/g Fe 2+ in 1000 ml of water. The proposed method was then applied to determine iron(II) in an analytic solution of water, soils, iron(II) gluconate syrups and pharmaceuticals. The results are summarized in Tables 2 and 3 . The possibility of using this method for the analysis of real samples was tested by determining the recovery. In recovery experiments, known amounts of the iron(II) standard solution were added to samples of the water or soil, which were then pretreated as stated above. The results are summarized in Tables 2 and 3 . The results show that the recoveries were satisfactory.
Conclusions
The proposed fluorometric method for the determination of iron(II) is highly sensitive and selective. The procedure is rapid and simple, and the results are reproducible.
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